Simplification and miniaturisation of analytical methods for the direct detection of DNA damage 30 is a challenging area of research and screen-printed electrodes are a promising alternative 31 approach to analytically / electroanalytically monitor the species involved. In this work we 32 demonstrate that screen-printed graphite macroelectrodes (SPEs) provide useful 33 electrochemical signatures to study the behaviour of 8-oxoguanine (8-oxoGua), which is the 34 most frequent and important marker of oxidative DNA damage and it is widely considered as a 35 biomarker, via differential pulse voltammetry (DPV). Under the optimum experimental 36 conditions, the proposed electrochemical sensing protocol towards 8-oxoGua using SPEs is 37 demonstrated to be possible over the concentration range of 0.1 to 12 µM. The response of the 38 SPEs is superior over routinely utilised glassy carbon electrodes in terms of sensitivity with a limit 39 of detection (3σ) 
Introduction 51
DNA is incessantly being damaged. In addition to known external factors, such as chemical 52 agents, UV light or ionising radiation, a human cell must repair around 10,000 DNA lesions per 53 cell, per day, that are due to multiple endogenous sources. [1] Oxidative stress is the most 54 common and persistent cause of DNA destruction and it is generated through multiple processes 55 involving production of oxygen and nitrogen species such as nitric oxide and superoxides. [2] In 56 particular, these reactive oxygen species (ROS) have the capacity to attack cells and react with a 57 variety of cellular components [1] , including nucleotides of DNA, causing particularly hazardous 58 damage for cells that can lead to genomic instability involved in various pathological conditions 59 as well as mutation and cancer. [3, 4] 60 Guanine is the primary target of ROS in DNA [5] because it has the lowest redox potential of the 61 four nucleobases.
[6] 8-oxoguanine (8-oxoGua hereinafter) which contains an extra oxygen atom 62 on guanine derived from the oxidation in the C8 position, is the most frequent and important 63
oxidative DNA alteration in all aged cell types [7] and it is widely considered as a biomarker of 64 oxidative DNA damage.
[5] These modifications on the nitrogen bases abolish their ability to 65 hydrogen-bond with the complementary bases and thus mismatch insertion or replication 66 blockage, which can result in gene mutations. [2] In this particular case, 8-oxoGua mispairs with 67 adenine during DNA replication that causes GC to TA transversion mutation. [ 
3] 68
The most common biological samples that are examined in general for oxidative stress markers 69 are blood, serum, urine, nasal and lung lavages, biopsied human tissue, and animal or human 70 tissues or cells, as well as sperm, breast milk, placenta, and saliva are matrixes of interest. [ 
8] 71
Consequently, substantial analytical difficulties can be found in the analysis of this compound in 72 those complex biological samples. As described in the literature, determination of 8-oxoGua has 73 been performed by several methods such as high performance liquid chromatography with 74 electrochemical detection (HPLC-ECD), gas chromatography coupled to mass spectrometry 75 (GC-MS), liquid chromatography with mass spectrometry (LC-MS/MS) and enzyme linked 76 immunosorbent assay (ELISA).
[9] One of the most popular methods for the direct analysis of the 77 released 8-oxoGua is HPLC-ECD [10] [11] [12] [13] [14] the counter and pseudo-reference electrodes for the analysis of 7-methylguanine, considering 124 8-oxoGua just as interference species that might compromise the analysis. Overall, the potential 125 disadvantage is that the electrode needs extensive pre-treatment, in the form of polishing, 126 between measurements and are expensive. In summary, a thorough study of 8-oxoGua at SPEs 127 has not been carried out and the advantage of using these as electrochemical sensing platforms 128 has yet to be investigated. 129
To the best of our knowledge, this paper is the first report of the electrochemical behaviour of 130
8-oxoguanine at screen-printed graphite macroelectrodes (SPEs). Differential pulse 131 voltammetry (DPV) has been used herein to develop an electroanalytical methodology which 132 has been successfully validated and applied for the determination of 8-oxoguanine in simulated 133 biological samples (human semen). 134 135
Experimental 136

Chemicals and solutions preparation 137
All analytical and highest analytical grade chemicals were used as received without any further 138 purification. 8-hydroxyguanine (8-oxoguanine) was received in individual 10 mg amber glass 139 vials purchased from Enzo Life Sciences (Exeter, UK) and kept in the freezer until used. After 140 accurately weighted desirable amount of product for the preparation of solutions, nitrogen was 141 gently applied into the vial to eliminate oxygen and avoid premature oxidation of 8-oxoguanine. 142 0.1 M potassium phosphate monobasic and 0.1 M potassium phosphate dibasic trihydrate were 143 used to prepare phosphate buffer solutions (PBS) at different pH throughout this work. All 144 solutions were prepared with deionised water of resistivity not less than 18.2 MΩ cm (25 °C). 
Fabrication of screen-printed graphite macroelectrodes (SPEs) 155
Screen-printed graphite macrcoelectrodes (SPEs) which have 3 mm diameter working electrode, 156
were fabricated in-house with appropriate stencil designs using a DEK 248 screen-printing 157 machine (DEK, Weymouth, UK). A previously used carbon-graphite ink formulation (product 158 code: C2000802P2; Gwent Electronic Materials Ltd, UK) was first screen-printed onto a polyester 159 flexible film (Autostat, 250 µm thickness). This layer was cured in a fan oven at 60 °C for 30 160 minutes. Next a silver/silver chloride pseudo reference electrode was included by screen-161 printing Ag/AgCl paste (product code: C2030812P3; Gwent Electronic Materials Ltd, UK) onto 162 the polyester substrate. A dielectric paste/ink (product code: D2070423D5; Gwent Electronic 163 Materials Ltd, UK) was next printed to cover the connections. After curing again at the same 164 conditions as before, the screen-printed electrodes were ready to be used. The SPEs were then 165 precisely cut to remove the Ag/AgCl pseudo reference and carbon counter and used into a 166 standard three electrodes configuration. 167
Electrochemical measurements 168
Electrochemical measurements were carried out with a Palmsens (Palm Instruments BV, The 169 Netherlands) potentiostat controlled by software PSTrace 4.7. All experiments throughout this 170 study were conducted using a three electrodes configuration electrochemical cell with SPEs, 171 platinum wire and saturated calomel electrode (SCE) as a working, counter and reference 172 electrodes, respectively. All electrochemical experiments were performed at room temperature 173 and solutions were not deaerated before analysis. for reproducibility studies and five DPV measurements were recorded for each one. Also, a 265 single SPE was used for repeatability study and thirty times DPV measurements were 266 continuously run using the same electrode. Note that thirty times measurements using one 267 single SPE were considered enough to complete the study but even so the electrode did not 268 become deteriorated. Results obtained are summarised in Table 1 . In general, SPEs showed 269 adequate relative standard deviation (RSD) values in all cases. Only the value of 11.9 % for 1 µM 270 of 8-oxoGua seems to be high but still acceptable considering the low concentration analysed. 271
Likewise, a relatively high value of 8 % for repeatability of SPEs at high concentration of 8-272 oxoGua could be related to a partial blocking of the surface because of the adsorption of the 273 compound onto the surface after 30 runs without the application of any conditioning potential 274 between measurements. Therefore, we have proved the feasibility of the developed 275 methodology to perform accurately in-situ calibration and direct measurements of 8-oxoGua in 276 practical applications using the same screen-printed electrode sensor. 277
Detection of 8-oxoGua in the presence of other compounds of interest 278
Attention was next turned to exploring the voltammetric response of 8-oxoGua simultaneously 279 with other nucleobases in DNA, which are likely to be present within real biological samples and 280 can be potential interfering molecules, mainly guanine (G) and adenine (A). A mixture of 5.6 µM 281 of 8-oxoGua, 6.3 µM of G and 8.8 µM of A in 0.1 M phosphate buffer solution pH 7.74 was tested 282 using DPV and SPEs. As represented in Figure 4A , voltammetric peaks of 8-oxoGua, G and A 283 appear one after the other at peak potentials about 245 mV, 635 mV and 930 mV (vs. SCE), 284
respectively. There is a difference of 380 mV (vs. SCE) between 8-oxoGua and G peak potentials 285 and 300 mV (vs. SCE) between G and A peak potentials, which indicates sufficient voltammetric 286 separation to detect them simultaneously at SPEs. Even though 8-oxoGua peak is slightly shifted 287 in the presence of G and A, it can be determined that there is no cooperative effect upon the 288 voltammetric responses of each compound. The influence in the electrochemical response of 8-oxoGua due to other co-existent compounds 296 with important implications in several biological processes and possibly found in real samples, 297 was also investigated. Therefore, dopamine and ascorbic acid were also determined 298 simultaneously with 8-oxoGua by applying the optimised DPV methodology. First, a solution 299 containing 5.6 µM of 8-oxoGua and 500 µM of dopamine in 0.1 M PBS pH 7.76 was analysed. As 300 illustrated in Figure 4B , it is possible to perform their simultaneous determination since peak 301 potentials of individual compounds are separated by 170 mV (vs. SCE). The presence of 302 dopamine does not affect the peak potential of 8-oxoGua, which remains unaltered, and a small 303 reduction of 20 % (28 nA) in the peak current is observed; however, a significant decrease of 304 peak current is undertaken by dopamine with a loss of 84 % of current intensity compared to 305 voltammetric signal of the individual compound. This can be attributed to the fact that 8-oxoGua 306 is more easily oxidised than dopamine and dominates the achievement of more active sites on 307 the surface of SPEs blocking significantly the electrooxidation of dopamine. 308
On the other hand, DPV determination of 5.6 µM of 8-oxoGua was additionally carried out in 309 the presence of 27 µM of ascorbic acid in 0.1 M PBS pH 7.84. Partially overlapped voltammetric 310 peaks are observed ( Figure 4C) . Hence, the simultaneous detection of ascorbic acid and 8-311 oxoGua is evidently possible but improvements in the voltammetric method and/or even 312 optimisation of pH conditions would be required to achieve better separation and to evaluate 313 appropriately this interference. 314
Determination of 8-oxoGua in simulated human semen sample as a proof-of-concept 315
The feasibility of the voltammetric detection of 8-oxoGua using SPEs was verified by applying 316 the methodology in a human semen simulant prepared in the laboratory following the 317 procedure described in the Experimental Section. 318
The complex mixture of chemicals that is part of the synthetic human semen simulation (final 319 pH 7.76) provided a defined electrochemical signal at a potential of 575 mV (vs. SCE) at SPEs 320 using DPV; typical voltammograms are shown in Figure 5A and 5B. Experiments were performed 321 in non-diluted and diluted 1:10 semen simulant preparations and as expected a higher current 322 intensity was obtained for the non-diluted sample. Addition of an appropriate amount of 8-323 oxoGua for a final concentration of 12 µM within semen simulant solutions resulted in a clear 324 voltammetric peak at 300 mV (vs. SCE). The 8-oxoGua signal was significantly higher in diluted 325 simulated semen sample, as expected, but in both cases, the DPV response was well-defined 326 and sufficient intense for certainly quantification. Due to the complex mixture of chemicals that 327 comprise the semen simulant a shift in the of 8-oxoGua signal / peak to more positive potentials, 328 compared to the response / peak determined in simply phosphate buffer solution at the same 329 pH is evident. Even though the current intensity of voltammetric peak of 8-oxoGua showed a 330 significant reduction (about 50%) when analysed in synthetic biological solutions, the reliability 331 
